Since thiaminase was found in fishes by GREEN (1) and in clams by FUJITA (2) respectively, it was observed that this enzyme was distributed also in fern (3) and microorganisms such as Bacillus (4, 5) , Clostridium (6) , Trichosporon (7) , Candida (8) , Oospora (9) and other organisms.
FUJITA (10) observed that there are two types of thiaminase, the one catalyzes the transferring of the pyrimidine moiety of thiamine to organic bases and the other catalyzes the hydrolysis of thiamine, and now the transferring one is named thiaminase I, and the hydrolyzing one thiaminase II.
The author studied on the thiaminase II production of Bacillus aneurinolyticus and crystallized thiaminase II from the supernatant cultured medium of the bacillus.
In the present paper the method of purification is described and some of the properties of the purified enzyme are demonstrated.
METHOD AND MATERIALS
(1) Cultivation of B. aneurinolyticus.
B. aneurinolyticus was cultured at 37°, for 8 days, on the synthetic medium given in Table 1 .
(2) Estimation of protein.
The protein concentration of thiaminase II was determined by the Cu-Folin method (11) using the crystalline bacterial proteinase as the provisional standard.
(3) Determination of thiaminase II activity. A series of test tubes containing reaction mixtures given in Table 2 were placed in a water bath the reaction was started by
The reaction was stopped after 10 min. by the addition of 1 ml of 10% metaphosphoric acid. The residual amounts of thiamine were determined by the thiochrome method with aliquots of reactions mixture.
Thiaminase II activity was expressed by the first order reaction constant K= (1/t) log {a/(a-x)} where t is time in minutes, a the initial amounts of thiamine, and x the amount of thiamine decomposed in time t.
(4) Specific activity. This was taken to be the thiaminase II activity (K)/mg of protein-N.
RESULTS
(1) Isolation of the enzyme.
The following fractionation procedure was adopted after repeated trials.
(a) First ammonium sulfate fractionation. 5g of celite were added to five liters of cultured medium of B. aneurinolyticus, which was stirred and filtered.
To the filtrate was added slowly 2 kg of solid ammonium sulfate (60% saturation).
The pH of the solution was corrected occasionally with 20% NH40H at pH 7. The solution was filtered on a Buchner funnel, and the precipitate was dissolved in 500 ml of distilled water.
(b) Second ammonium sulfate fractionation. To 500 ml of the crude enzyme solution obtained by the first ammonium sulfate fractionation, 330 ml of saturated ammonium sulfate solution was added at pH 7.0 (40% saturation), and filtered on a Buchner funnel.
To the 800 ml of the filtrate 160 ml of saturated ammonium sulfate solution was added at pH 7.0 (50% saturation). The precipitate was dissolved in 50 ml of distilled water.
(c) Calcium phosphate gel treatment. Calcium phosphate gel was prepared (12) by mixing 100 ml of 0.3 M CaCl2 solution and 100 ml of 0.2 M Na2HP04 solution, correcting pH to 8.4 and washing out ammonia with water completely.
Twenty five ml of the enzyme solution obtained by the second ammonium sulfate fractionation was dialyzed over night against distilled water in the refrigerator, pH corrected to 6.0 and added to calcium phosphate gel (3 g in dry weight) and stirred.
The suspension was centrifuged, the precipitate was washed with water and eluted twice by M/15 phosphate buffer at pH 7.0.
(d) Starch zone electrophoresis. Starch was washed with 2 volume of ethanol-ether mixture (3:1) once, with water at 50° five times and with phosphate buffer of pH 7.7 (Ionic strength, i=0.05) twice and stored in the refrigerator.
After the enzyme solution was dialyzed for two days against distilled water in the refrigerator, it was concentrated to about 1 ml in a vacuum dessicator over solid sodium hydroxide.
The concentrated enzyme solution was dialyzed for a day against phosphate buffer (pH 7.7, 12=0.05) and mixed with a small amounts of starch for use in zone electrophoresis.
Electrophoresis was carried out in the refrigerator in a trench of 33 x 6 x 1.5 cm on the conditions of pH 7.7 (,u=0.05), 200 volts (6 volts/cm), 7 mamp (0.8 mamp/cm2), 4°, 15 hrs.
After running each band of 1 cm wide was eluted with 10 ml of distilled water.
(e) Crystallization. The enzyme solution purified by electrophoresis was dialyzed against 20 volumes of 52% saturated ammonium sulfate solution. Two weeks later, the crystals of thiaminase II were obtained.
These are shown in the attached photographs ( Figs. 1 and 2) .
The procedures of purification is shown in Table 3 , and the patterns of zone electrophoresis are shown in Figs. 3 and 4 . The purification data are given in Table 4 .
(2) Some properties of the purified thiaminase II.
(a) Sedimentation coefficient. Sedimentation coefficient of the purified thiaminase II were determined in the usual manner in M/15 phosphate buffer of pH 7.0 at 17.5°. One percent of protein concentration and the centrifugal speed of 59780 r.p.m. were used. Some of the sedimentation patterns are given in Fig. 5 . The partial specific volume of the protein was not measured, and by way of calculation, a value of 0.75 was assumed. The sedimentation coefficient of thiaminase II was 4.5 S, and the apparent diffusion coefficient was 4.3 x 10-' cm2/sec.
Using these values the molecular weight was calculated at 100,000.
(b) Optimal pH. The optimal pH of thiaminase II action was 8.6 as shown in Fig. 6 . In this experiment, cysteine (2 x 10_3 M) was used to protect thiamine from alkaline destruction.
KOLTHOFF's buffers were used containing KH2PO4 and borax with pH ranging from 6.6 to 9.0, and borax and Na2CO3 from 9.4 to 10.2. (c) Vmax and Michaelis constant. Michaelis constant at pH 8.6, 370 obtained graphically by Lineweaver and Burk's method was 3.0 x 106 M, Vmax on the same condition was 1.3 mg/min, per 1 mg protein-N, expressed as the amounts of thiamine decomposed.
(d) Effects of cysteine, ED TA, metal ions and SH-reagents. The thiaminase II activating effects of chelating agents as cysteine and EDTA has been reported by KIMURA and COWORKERS (13) . The author traced the effects of cysteine, EDTA and metal ions. The effects of cysteine and EDTA on the purified thiaminase II are given in Tables 5 and 6 respectively. Both are effective in concentration of 2 x 10~~ M to 10 'M.
The effects of metal ions and cysteine on the purified thiaminase II which was dialyzed for a day against 10_3 M of EDTA (pH 7) and four days against deionized water in the refrigerator are demonstrated in Table 7 . The enzyme was inhibited by all metal ions tested in this experiment, while it was considerably activated by the incubation with 2 x 10-4 M of cysteine for 20 min. at 37° . The inhibitory effects of some SH-reagents are given in Table 8 . From these results, it seemed that thiaminase II is a SH-enzyme as suggested by KAWASAKI (14) and it may not require any metal ion.
(e) Isolation of the thiamine decomposition products by the purified thiaminase II. Thiamine decomposition products by the purified thiaminase II were isolated by the method given in Table 9 . 2-Methyl-4-amino-5-hydroxymethylpyrimidine and 4-methyl-5-p-hydroxyethylthiazole were isolated as HCl-salt and picrate in the yields of 61% and 86% respectively.
From the results, the mechanism of thiaminase II action was confirmed to be hydrolysis.
DISCUSSION
KURATANI (15) reported that thiaminase II of B. aneurinolyticus were purified twenty times from bouillon culture medium of this bacillus, but he could not crystallize the enzyme.
While KIMURA, SAKAKIBARA and KATSUMATA (13, 16) reported the crystallization of thiaminase II of B. aneurinolyticus by means of cation and anion exchange resins, the enzyme activity was less than that of the purified enzyme obtained by the present author.
Thiaminase II is probably a SH-enzyme as suggested by KAWASAKI (14) because the enzyme reaction is inhibited by heavy metals and SH-reagents, and activated by cysteine.
Although KATSUMATA (17) reported the activating effect of Zn++, the author observed the inhibitory effects of Zn+ in the concentration range of 2 x 10-3 to 2 x 10_5 M. In view of the activating effects of chelating agents such as EDTA and cysteine in high concentration and the inhibitory effects of many metal ions, it is possible that thiaminase II does not require a metal ionn for its activity.
At least, now, there is no evidence that thiaminase II requires a cofactor such as metal ion.
It is assumed that the cite of negative charge of thiaminase II combine with -NH3+ group of thiamine, because the -NH3+ group of pyrimidine moiety of thiamine have a strong affinity to thiaminase II (18, 19) and thiaminase II are charged negatively in pH higher than about 4.5.
The physiological significance of thiaminase II is not clear, but the following facts are interesting in considering the biological significance of thiaminase II: decrease in the thiaminase II activity of B. aneurinolyticus on addition of thiamine to the culture medium (20) , strong activity of the bacillus to synthesize thiamine from the pyrimidine moiety and its storage in the form of thiamine diphosphate within the cell (21) , failure of thiaminase II to attack thiamine diphosphate (22) and the catalytic activity of the enzyme in synthesis of thiothiamine from 2-methyl-4-amino-5-hydroxymethylpyrimidine and 2-mercapto-4-methyl-5-Q-hydroxyethylthiazole (23) . Provided that thiaminase II were concerning to the synthesis of thiamine, the formation of thiamine in this enzyme system would be promoted by condensation of the pyrimidine and thiazole moiety in bacteria cell and removal of newly formed thiamine from the system (e.g. as thiamine diphosphate).
It is also interesting that the thiamine requiring microorganisms such as B. aneurinolyticus (21) , Trichosporon aneurinol yticum (24) , Candida aneurinolytica (8) 
